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/ vehicle air braking systems 

This invention relates to vehicle air braking systems, and particularly to electronic control 
of the air compressor for use in such systems. 

A typical air braking system includes a compressor, a reservoir for pressurised air, a driver 
operated demand valve, and a plurality of air actuators for the vehicle wheel brakes. The 
system usually includes a dryer for compressor outlet air, and control means to take the 
compressor off load when the reservoir is at maximum pressure and the demand valve is 
closed. A compressor is typically taken off load by connecting the output temporarily to 
atmosphere, so that the compressor free wheels. Alternatively the compressor may include 
a clutch engageable with its drive source, usually the vehicle engine. 

Compressors absorb significant energy, and accordingly it is desirable to minimise on-time 
whilst ensuring that a sufficient volume of pressurised air is available to meet demand. 
This is conventionally done in part by minimising the 'dead' volume on the high pressure 
side of the demand valve. 



Compressor control systems exist whereby the control of the compressor is responsive to 
one or more sensed vehicle operating conditions. These control systems operate between 
pre-set upper and lower braking system pneumatic pressures. 

What is required is a control system which can better determine compressor on-time 
according to anticipated demand and the vehicle running state in real time. 

According to a first aspect there is provided an electronic control system for the 
compressor of a vehicle air braking system, the control system having one or more inputs 
indicative of a vehicle operating state, and an output for determining whether a compressor 
is on-load or off-load, the system further including target means to calculate in real time a 
target pressure for a reservoir downstream of said compressor, said output being 
responsive to said target means. 
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The advantage of this invention is that the target pressure may be varied in real time to suit 
vehicle running conditions. For example the target pressure may be higher during 
throttle-off modes than during throttle-on modes. The target pressure may be directly 
dependent on anticipated demand of the vehicle braking system, or may be indirectly 
related to an associated factor such as the temperature of air delivered from the compressor. 

Control system inputs may comprise one or more of the following variables; engine speed, 
vehicle speed, vehicle throttle opening, air pressure in a reservoir of the braking system, air 
temperature at the outlet of the air compressor, dryness of the desiccant of an air dryer 
downstream of the compressor relative humidity of ambient air, dryness of air downstream 
of the air dryer, etc. 

In a preferred embodiment the control system comprises a first input for indicating vehicle 
engine speed, a second input for indicating vehicle speed, a third input for indicating 
vehicle throttle opening, and a fourth input for indicating air pressure in a reservoir 
downstream of the compressor, the target pressure being higher during throttle-off modes 
than during throttle-on modes. 

In this specification the term 'throttle' is used in relation to the vehicle accelerator pedal or 
other means used to control admission of fuel to the vehicle engine. 

Such a system requires a higher target pressure in throttle-off modes when the vehicle is 
likely to be coasting or slowing down. In such circumstances the fuel supply is normally 
closed off by the driver releasing the accelerator pedal and accordingly vehicle momentum 
drives the engine and thus the compressor. The energy to drive the compressor in this 
mode is 'free', at least to the extent that fuel is not being burnt. Additional slowing of the 
vehicle occurs as a result of the compressor being on-load, but this may be useful where the 
throttle-off mode is accompanied by or followed by a braking event. In order to take 
maximum advantage during the throttle-off mode, the target pressure in the air reservoir 
can be raised above the normal level, and as a result compressor on-time during throttle-on 
modes can be reduced. 
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The invention permits a small but significant reduction in vehicle fuel consumption, and 
requires only minor adaptation of existing electronic control systems. 



In a preferred embodiment the higher target pressure exceeds the normal target pressure by 
8-10%. The system may include a third yet higher target pressure to meet high pressure 
requirements of associated air systems such as air suspension. 

A particular advantage of the invention is that the higher target pressure exists during a 
braking (throttle-off) mode, and where this is the final braking event before the engine is 
stopped, the reservoir has an extra air charge to give a final purge of the usual air dryer. 
This is especially useful since the air braking system is left in a dry and clean state at the 
end of the working day. Also, the vehicle air system is clean and dry at the beginning of 
the next working day. 

Preferably independent control of compressor and purge valve is provided. This ensures 
that the air line connecting the compressor and purge valve/reservoir is not exhausted each 
time the purge valve is actuated. Clearly if this air line is exhausted, as has hitherto been 
the case, the compressor is required to operate for a greater time when brought on load. 

Conversely, the normal target pressure may be reduced. For example, if the output from 
the compressor is very hot, due for instance to hot ambient conditions and significant air 
demand (and hence significant compressor on-time), the compressed air may approach the 
temperature at which desiccant in the usual air dryer may be damaged. In such 
circumstances it may -be desirable to reduce the normal target pressure, thereby reducing 
compressor on-time and permitting the compressor to cool down. 

The control system preferably includes an override to ensure that lower target pressures are 
not imposed during conditions when maximum air volume is required, for example during 
an emergency braking event. 

According to a second aspect there is provided a control system tor the compressor of a 
vehicle air braking system, the compressor being capable of being taken off-load at a 
predetermined target pressure, wherein the control system has an input indicative of vehicle 
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throttle position and is adapted to increase said target pressure in real time at a zero throttle 
opening. 

According to a third aspect there is provided a control system for the compressor of a 
vehicle air braking system, the control system having a first input for indicating vehicle 
engine speed, a second input or indicating vehicle speed, a third input for indicating vehicle 
throttle opening , a fourth input for indicating air pressure in a reservoir downstream of the 
compressor, and an output for determining whether the compressor is on-load or off-load, 
the system further including means to calculate in real time a target pressure for said 
reservoir, the target pressure being higher during throttle-off modes than throttle-on modes. 

According to a fourth aspect there is provided a method of controlling a compressor of a 
vehicle air braking system, the method comprising the steps of : 

providing a control system for the compressor having one or more inputs indicative of a 
vehicle operating state, 

providing an output from the control system to place the compressor either on-load or 
off-load depending upon said vehicle operating state, 

providing target means to calculate a target pressure for a reservoir downstream of said 
compressor, wherein said output from the control system is responsive to said target 
means. 

In a preferred embodiment said inputs comprise a first input for indicating vehicle engine 
speed, a second input for indicating vehicle speed, a third input for indicating vehicle 
throttle opening, and a fourth input for indicating air pressure in the reservoir. 

Other aspects of the invention will be apparent from the following description of a 
preferred embodiment shown by way of example only in the accompanying drawing which 
illustrates typical target pressures for a compressor in relation to vehicle operating modes. 

In the drawing, the X axis indicates vehicle operating modes, whereas the Y axis indicates 
pressure. The target pressure is indicated by the narrow solid band. As shown on the 
drawing, a compressor idle state is indicated by a solid line, a dotted line indicates purging, 
and a dashed line indicates compressor pumping. 
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In a typical air braking system, the compressor output is directed via a non-return valve and 
air dryer to a reservoir. Periodically dry air from the reservoir is directed back through the 
air dryer (which typically includes a bed of desiccant material) in order to purge the 
majority of moisture therefrom. Purging may be controlled for example by a timer, and 
occurs after the compressor has been on-load for a predetermined period. Purging does not 
usually occur during the vehicle braking mode since the system permits air demand to 
override air quality; however braking events are usually short. 

With reference to the drawing, the vehicle is shown first in the stopped mode; the engine is 
not running. Residual system pressure is low and the compressor is idle (in fact stopped). 
A target pressure is illustrated, but the value is not important. 

Next the engine is started, and is idling. The pressure target is immediately set at the 
normal level; in this embodiment just above 9 bar. As illustrated, the compressor pumps in 
two stages with a timed purge in-between; the compressor may pump in more or less 
stages, as required. Other control systems prevent the vehicle being driven until a safe 
operating pressure is reached. 

On reaching the target the compressor is brought off-load; system pressure may or may not 
decay, depending on leakage or use of air in systems such as air suspension or windscreen 
wiper operation. 

The pressure target has the usual hysteresis to avoid continual switching of the compressor 
between on-load and off-load, and this is indicated by the width of the target pressure band. 

During the driving mode the compressor will be brought on load as required, and purging 
events will also occur as necessary. The pressure target may oscillate slightly as indicated 
in the idling and driving modes to allow for purging events. 

Next, in the overrun mode, the illustrated target pressure is increased to nearly 10 bar. The 
higher target pressure is set according to system requirements, and may be more or less 
than 10 bar. In this mode no fuel is used to drive the compressor. Pumping and purging 
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events occur as previously explained. The same occurs in the braking mode, except that 
purging is avoided. 

In the next idling mode the pressure target reduces again to the normal level. The 
compressor will not come on load again until reservoir pressure drops to the bottom of the 
normal level band. In this stage a purge cycle after braking is indicated - this is a normal 
event initiated by the control system to compensate for lack of purging during the braking 
event itself. 

The lower pressure target would also occur in the event of another period in driving mode. 

Next is illustrated an ECAS event. This occurs when an associated air system, for example 
vehicle air suspension requires a high pressure above the normal operating level. The 
compressor will attempt to reach the new target, but as illustrated, air consumption and 
supply are rather close and thus only a slight pressure increase is achieved before the 
ECAS event is terminated. 

Next another idling mode is illustrated, and commenced by a purge cycle due to reduced 
purging during the ECAS event. 

Finally the vehicle and engine are stopped. The target pressure drops to an unimportant 
minimum selected by the control software. The high residual pressure permits a final 
power-down purge to leave the inactive system clean and dry. A residual pressure remains 
in the system, and this- is useful in preventing ingress of uncleaned and undried air. 

This description illustrates a range of typical driving events, and is not intended to be 
exhaustive. The important feature is the higher pressure target during throttle off modes. 



